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(54) DEVICE AND METHOD FOR SUPPLYING RAW MATERIAL

(57) A material feeding apparatus is disclosed. An
apparatus for removing a surface oxide of a metal mate-
rial and feeding the metal material to a melting furnace,
according to an embodiment of the present disclosure,
includes: a housing including a material dropping cham-
ber for feeding and discharging the metal material and a
material etching chamber for performing a plasma etch-
ing process; and a pretreatment casing configured to re-
ciprocate between the material dropping chamber and
the material etching chamber in the housing, wherein the
pretreatment casing receives the metal material from the
material dropping chamber to store the metal material,
moves to the material etching chamber to plasma-etch
a surface oxide layer of the stored metal material, and
then returns to the material dropping chamber to drop
the etched metal material into the melting furnace.
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Description

[Technical Field]

[0001] The present disclosure relates to an apparatus
and method for feeding a material, and more particularly,
to an apparatus and a method for removing a surface
oxide layer of a metal material and feeding the metal
material to a melting furnace.

[Background Art]

[0002] In general, a metal material in the form of pow-
der, granule, and ball has a high surface area per unit
volume so that an oxide layer is easily formed on the
surface of the metal material.
[0003] Particularly, in industrial sites using metal melt-
ing furnaces, surface oxidation occurs rapidly because
metal materials are stored under poor conditions (high
temperature and high humidity).
[0004] Therefore, when a metal material is charged in-
to a melting furnace, oxides with high melting tempera-
ture float on the surface of the molten metal to prevent
evaporation or to make it difficult to predict correct met-
allurgical compositions of the molten metal.
[0005] Accordingly, pickling and water washing are
performed before a metal material is fed to a melting fur-
nace. However, highly reactive metals in the atmosphere
form fine oxide layers thereon as soon as they are ex-
posed to the atmosphere after wet treatment, and the
degree of oxidation increases over time, which makes it
difficult to manage the material and also makes feeding
of high purity materials impossible.

[Disclosure]

[Technical Problem]

[0006] The present disclosure is directed to providing
an apparatus and method for continuously feeding a met-
al material to a melting furnace after removing an oxide
layer of the metal material.

[Technical Solution]

[0007] In accordance with one aspect of the present
disclosure, there may be provided an apparatus for re-
moving a surface oxide of a metal material and feeding
the metal material to a melting furnace, including: a hous-
ing including a material dropping chamber for feeding
and discharging the metal material and a material etching
chamber for performing a plasma etching process; and
a pretreatment casing configured to reciprocate between
the material dropping chamber and the material etching
chamber in the housing, wherein the pretreatment casing
receives the metal material from the material dropping
chamber to store the metal material, moves to the mate-
rial etching chamber to plasma-etch a surface oxide layer

of the stored metal material, and then returns to the ma-
terial dropping chamber to drop the etched metal material
into the melting furnace.
[0008] Also, the pretreatment casing may be rotatably
installed, and when the pretreatment casing is located in
the material etching chamber to perform the plasma-etch
process, the pretreatment casing may rotate to stir the
metal material.
[0009] Also, a plurality of holes may be formed in an
outer surface of the pretreatment casing to allow plasma
to enter and exit an inside of the pretreatment casing.
[0010] Also, an entrance for feeding and discharging
the metal material and a cover for selectively opening
and closing the entrance may be provided in an outer
surface of the pretreatment casing, the cover may be
rotatably installed along an outer circumference of the
pretreatment casing, held at a position to close the en-
trance by a compressive force of an elastic rod coupled
to the pretreatment casing, and held at a position to open
the entrance by a compressive force of a clamp installed
to selectively contact the cover.
[0011] Also, the housing may include a heater for heat-
ing the material etching chamber to preheat the metal
material filled in the pretreatment casing.
[0012] Also, an inclined guide surface may be provided
in the pretreatment casing adjacent to the entrance to
guide the metal material inclined to one side in the pre-
treatment casing to be discharged smoothly through the
entrance.
[0013] Also, an inlet port connected to a material sup-
ply unit for feeding the metal material may be provided
in an upper portion of the material dropping chamber,
and an outlet port connected to the melting furnace may
be provided in a lower portion of the material dropping
chamber.
[0014] Also, the material supply unit may include a stor-
age hopper for storing the metal material and a weighing
hopper for receiving the metal material from the storage
hopper and weighing the metal material to feed the metal
material to the inlet port, a buffer hopper for temporarily
storing the etched metal material discharged from the
outlet port in a vacuum state and providing the etched
metal material to the melting furnace may be provided
between the material dropping chamber and the melting
furnace.
[0015] Also, the pretreatment casing may be connect-
ed to a support shaft penetrating one side of the housing
and extending, and the support shaft may be axially con-
nected to a driving motor to receive a rotation force from
the driving motor to rotate and reciprocate in association
with an actuator provided outside the housing.
[0016] Also, one side of the housing may be connected
to a vacuum generator for forming a vacuum atmosphere
in the material etching chamber and a gas feeder for feed-
ing a reactive gas to the material etching chamber, when
the pretreatment casing is located in the material etching
chamber.
[0017] In accordance with another aspect of the
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present disclosure, there may be provided a method for
feeding a metal material to a melting furnace, including:
providing the metal material stored in a storage hopper
to a weighing hopper; introducing the metal material
weighed in the weighing hopper into a pretreatment cas-
ing disposed in a chamber of a housing; forming a vac-
uum in the chamber and injecting a reactive gas into the
chamber to perform a plasma etching process to remove
a surface oxide of the metal material; and feeding the
metal material from which the surface oxide has been
removed in the pretreatment casing to the melting fur-
nace.
[0018] Also, the method may further include rotating
the pretreatment casing during the plasma etching proc-
ess.
[0019] Also, the performing of the plasma etching proc-
ess may further include heating the material etching
chamber to perform preheating of the metal material
stored in the pretreatment casing.
[0020] Also, the feeding of the metal material from
which the surface oxide has been removed to the melting
furnace may be performed in the same atmosphere as
the melting furnace.
[0021] Also, the pretreatment casing may move be-
tween a material dropping chamber and a material etch-
ing chamber partitioned from each other in the chamber
to perform processes of feeding and discharging the met-
al material and etching the metal material.

[Advantageous Effects]

[0022] According to the embodiments of the present
disclosure, by feeding a metal material from which an
oxide layer has been removed to a melting furnace, a
high purity metal material may be fed to the melting fur-
nace.
[0023] In addition, according to the embodiments of
the present disclosure, by removing a surface oxide layer
of a metal material and raising the temperature of a metal
material introduced into the melting furnace, temperature
fluctuations of a molten metal and occurrence of a drift
in the melting furnace may be reduced.
[0024] Furthermore, according to the embodiments of
the present disclosure, a metal material may be fed under
the same conditions as the atmosphere of a melting fur-
nace, so that continuous feeding may be performed with-
out occurrence of any additional oxide layer.

[Description of Drawings]

[0025]

FIG. 1 schematically shows an apparatus for feeding
a metal material to a melting furnace, according to
an embodiment of the present disclosure.

FIG. 2 schematically shows a configuration for per-
forming a plasma etching process, according to an

embodiment of the present disclosure.

FIG. 3 is a partially cross-sectional perspective view
showing an inside of a material treatment unit when
a metal material is charged and discharged, accord-
ing to an embodiment of the present disclosure.

FIG. 4 is a partially cross-sectional perspective view
showing an inside of a material treatment unit when
a metal material is plasma-etched, according to an
embodiment of the present disclosure.

FIG. 5 shows a state in which an entrance of a pre-
treatment casing is closed, according to an embod-
iment of the present disclosure.

FIG. 6 shows a state in which an entrance of a pre-
treatment casing is opened, according to an embod-
iment of the present disclosure.

FIG.7 shows an inside of a pretreatment casing ac-
cording to an embodiment of the present disclosure.

[Modes of the Invention]

[0026] Hereinafter, embodiments of the present disclo-
sure will be described in detail with reference to the ac-
companying drawings. The following embodiments are
provided to sufficiently transfer the technical concepts of
the disclosure to one of ordinary skill in the art. However,
the disclosure is not limited to these embodiments, and
may be embodied in another form. In the drawings, parts
that are irrelevant to the descriptions may be not shown
in order to clarify the disclosure, and also, for easy un-
derstanding, the widths, lengths, thicknesses, etc. of
components are more or less exaggeratedly shown. Like
numbers refer to like elements throughout this specifica-
tion.
[0027] FIG. 1 schematically shows an apparatus for
feeding a metal material to a melting furnace, according
to an embodiment of the present disclosure, FIG. 2 sche-
matically shows a configuration for performing a plasma
etching process, according to an embodiment of the
present disclosure, FIG. 3 is a partially cross-sectional
perspective view showing an inside of a material treat-
ment unit when a metal material is charged and dis-
charged, according to an embodiment of the present dis-
closure, and FIG. 4 is a partially cross-sectional perspec-
tive view showing an inside of a material treatment unit
when a metal material is plasma-etched, according to an
embodiment of the present disclosure.
[0028] Referring to FIGS.1 to 4, a material feeding ap-
paratus 10 according to an embodiment of the present
disclosure may be used to continuously feed a metal ma-
terial in the form of a powder, granule, or ball to a melting
furnace 1 after removing an oxide layer on a surface of
the metal material before charging the metal material into
the melting furnace 1.

3 4 



EP 3 557 173 A1

4

5

10

15

20

25

30

35

40

45

50

55

[0029] The material feeding apparatus 10 may include
a material supply unit 11 for storing and supplying a metal
material, a material treatment unit 13 for removing an
oxide layer from a surface of the metal material provided
from the material supply unit 11, and a material feed unit
15 for feeding the metal material processed in the mate-
rial treatment unit 13 into the melting furnace 1.
[0030] The material supply unit 11 may include a stor-
age hopper 20 and a weighing hopper 22 connected to
a lower portion of the storage hopper 20.
[0031] The storage hopper 20 may store the metal ma-
terial at atmospheric pressure. The storage hopper 20
may have a sufficient storage capacity in consideration
of time for which the metal material is supplied to the
storage hopper 20 from the outside while the metal ma-
terial is continuously supplied to the weighing hopper 22.
[0032] In addition, the storage hopper 20 may include
a proximity sensor (not shown) for measuring a storage
amount of the metal material, wherein the proximity sen-
sor may be installed at regular intervals in a height direc-
tion of the storage hopper 20.
[0033] The metal material discharged from the storage
hopper 20 may be supplied to the weighing hopper 22
through a storage hopper feeder 21 connected to the
lower portion of the storage hopper 20.
[0034] The storage hopper feeder 21 may include a
screw feeder, a vibration feeder, a conveyor, and the like,
depending on the type of the metal material.
[0035] The metal material conveyed by the storage
hopper feeder 21 may be provided to the weighing hopper
22 for precisely weighing an input amount of the metal
material.
[0036] The metal material provided to the weighing
hopper 22 may be weighed by a load cell 22a installed
on a lower portion of the weighing hopper 22, and the
weighed metal material may be provided to the material
treatment unit 13.
[0037] Between the weighing hopper 22 and the ma-
terial treatment unit 13, an upper screen 23 for controlling
discharging of the metal material weighed by the weigh-
ing hopper 22 and an upper vacuum valve 24 for selec-
tively blocking a passage through which the metal mate-
rial moves from the weighing hopper 22 to the material
treatment unit 13 may be provided.
[0038] The upper screen 23 may sort the metal mate-
rial provided from the weighing hopper 22 according to
predetermined sizes to provide the metal material to the
material treatment unit 13. The upper vacuum valve 24
may block a passage connecting the material supply unit
11 to the material treatment unit 13 when the material
treatment unit 13 processes the metal material, thereby
preventing the material treatment unit 13 from commu-
nicating with outside air.
[0039] The material treatment unit 13 may include a
housing 30 for receiving the metal material supplied from
the material supply unit 11 and removing a surface oxide
layer of the metal material through a plasma etching proc-
ess.

[0040] The housing 30 may have hollow chambers 31
and 32. The hollow chambers 31 and 32 may include a
material dropping chamber 31 for receiving the metal ma-
terial supplied from the material supply unit 11 or provid-
ing the metal material to the melting furnace 1 located
below, and a material etching chamber 32 for plasma-
etching the metal material, the material etching chamber
32 partitioned from the material dropping chamber 31.
[0041] In the chambers 31 and 32, a pretreatment cas-
ing 40 for accommodating the metal material supplied
through the material dropping chamber 31 may be mov-
ably and rotatably located.
[0042] The pretreatment casing 40 may be in the shape
of a cylinder. The pretreatment casing 40 may recipro-
cate between the material dropping chamber 31 and the
material etching chamber 32, and rotate together with a
support shaft 41 connected to the rear portion.
[0043] A front end of the support shaft 41 may be con-
nected to a rear center portion of the pretreatment casing
40. A rear end of the support shaft 41 may penetrate a
rear surface of the housing 30, extend outward, and then
be axially connected to a driving motor 42.
[0044] The driving motor 42 may be connected to a
sliding member 43 installed to be slidable back and forth
behind the housing 30, and may move together with the
sliding member 43.
[0045] The sliding member 43 may move back and
forth toward the rear surface of the housing 30 along a
pair of guide rods 45 arranged up and down, by driving
of an actuator 44.
[0046] Both ends of the pair of guide rods 45 may be
respectively connected to and supported by the rear sur-
face of the housing 30 and a rod frame 46 spaced apart
from the rear surface of the housing 30.
[0047] The rod frame 46 may be coupled with the ac-
tuator 44 connected to the sliding member 43 and con-
figured to move the sliding member 43 back and forth.
[0048] The actuator 44, which is a device for moving
the sliding member 43 back and forth, may include a cyl-
inder operating by an electric motor or hydraulic or pneu-
matic pressure, and an appropriate driving element, such
as a ball screw, a rack and pinion, etc. for moving the
sliding member 43 back and forth through the electric
motor or the cylinder.
[0049] The support shaft 41 may penetrate the sliding
member 43 to be connected to a shaft of the driving motor
42 by means of a coupling member. Also, a shrinkable
bellows 47 for maintaining airtightness may be provided
around an outer surface of the support shaft 41 disposed
between the sliding member 43 and the rear surface of
housing 30 so as to surround the support shaft 41.
[0050] Therefore, the pretreatment casing 40 may re-
ciprocate between the material dropping chamber 31 and
the material etching chamber 32 together with the sliding
member 43 moving back and forth along the pair of guide
rods 45 by driving of the actuator 44, and rotate together
with the supporting shaft 41 rotating by power of the driv-
ing motor 42.
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[0051] One side of the housing 30 may be connected
to a vacuum generator 34 for creating a vacuum in the
insides of the chambers 31 and 32.
[0052] The vacuum generator 34 may include a vacu-
um pump 34a for reducing pressure in the chambers 31
and 32, and a vacuum pipe 34b for connecting the vac-
uum pump 34a to the chambers 31 and 32.
[0053] A pressure controller, a pressure gauge, or a
relief valve 34c may be connected to the vacuum pipe
34b. Also, the vacuum pipe 34b may be provided with a
filter 34d to prevent backflow of the metal material during
initial vacuum generation at atmospheric pressure.
[0054] The vacuum generator 34 may reduce inside
pressure of the chambers 31 and 32 to form a vacuum
atmosphere when the pretreatment casing 40 is located
in the material etching chamber 32.
[0055] Also, a gas feeder 35 for injecting a reaction
gas into the chambers 31 and 32 may be connected to
the housing 30.
[0056] The gas feeder 35 may feed a reaction gas (Ar-
4%H2) obtained by mixing argon which is an inert gas
with a very small amount of hydrogen which is a reducing
base to generate plasma.
[0057] The gas feeder 35 may include a gas pipe 35a
connected to the chambers 31 and 32, a mass flow con-
troller (MFC) 35b for precisely controlling a flow rate of
the reaction gas flowing into the gas pipe 35a, and a valve
35c.
[0058] An exhaust pipe 37 for exhausting a reaction
gas in the chambers 31 and 32 may be connected to a
bottom of the housing 30. A pressure sensor 37a for
measuring inside pressure of the chambers 31 and 32
and an exhaust valve 37b for opening and closing the
exhaust pipe 37 may be installed in the exhaust pipe 37.
[0059] An inlet port 38 connected to the material supply
unit 11 and an outlet port 39 connected to the melting
furnace 1 may be respectively provided in an upper por-
tion and a lower portion of the material dropping chamber
31.
[0060] When the pretreatment casing 40 is located in
the material dropping chamber 31, a metal material pro-
vided through the inlet port 38 may enter the inside of
the pretreatment casing 40 through an entrance 48 (see
FIG. 6) formed in the pretreatment casing 40, and then,
after the pretreatment casing 40 moves to the material
etching chamber 32, the metal material may be may be
plasma-etched.
[0061] The material etching chamber 32 may be a
space where a dry etching process using plasma is per-
formed on the metal material stored in the pretreatment
casing 40.
[0062] When the pretreatment casing 40 is located in
the material etching chamber 32, a reaction gas may be
supplied into the chambers 31 and 32 through the gas
feeder 35, and inside pressure of the chambers 31 and
32 may be maintained at operating pressure through the
vacuum generator 34.
[0063] The pretreatment casing 40 containing a metal

material for forming an electromagnetic field in the cham-
bers 31 and 32 may be electrically connected to a power
supply apparatus 50 by means of the support shaft 41.
A cylindrical electrode casing 51 disposed to surround
the outer circumference of the pretreatment casing 40 in
the material etching chamber 32 may be electrically con-
nected to the power supply apparatus 50.
[0064] The power supply apparatus 50 may supply a
negative current to the pretreatment casing 40 and a pos-
itive current to the electrode casing 51 to form an elec-
tromagnetic field in the material etching chamber 32,
thereby generating plasma from the reaction gas sup-
plied into the chambers 31 and 32. That is, the pretreat-
ment casing 40 and the electrode casing 51 may serve
as electrodes for forming plasma.
[0065] In the pretreatment casing 40, a plurality of
holes 49 may be formed at predetermined intervals along
a circumferential direction and an axial direction of the
pretreatment casing 40 to allow the plasma to enter and
exit the inside of the pretreatment casing 40. Accordingly,
the plasma generated between the pretreatment casing
40 and the electrode casing 51 may move to the inside
and outside of the pretreatment casing 40 through the
plurality of holes 49 to etch the surface oxide layer of the
metal material stored in the pretreatment casing 40.
[0066] The plurality of holes 49 formed in the pretreat-
ment casing 40 may be smaller than a size of the metal
material introduced in the inside of the pretreatment cas-
ing 40, so that the metal material introduced to the inside
of the pretreatment casing 40 does not flow out. In addi-
tion, a plurality of through holes (not shown) may be
formed in the electrode casing 51 to facilitate plasma
generation.
[0067] Meanwhile, plasma generation in the material
etching chamber 32 as described above may be an ex-
ample, and it will be obvious that plasma generation can
be induced by using a capacitive coupled plasma type
or an inductive coupled plasma type well known in the
art in the material etching chamber 32. Also, in this case,
the inside of the pretreatment casing 40 may be used as
a space for plasma generation.
[0068] A door 52 may be provided at one side of the
housing 30 forming the material etching chamber 32 so
as to be opened and closed. The door 52 may open and
close the housing 30 to periodically remove etched ma-
terials accumulated in the material etching chamber 32
in which a plasma process is performed. A transparent
window 53 may be provided on the door 52 so as to allow
a user to observe a contamination state of the inside of
the material etching chamber 32.
[0069] An optical emission spectroscope sensor 54 for
analyzing a spectrum of light emitted from plasma gen-
erated in the material etching chamber 32 may be in-
stalled on the door 52.
[0070] The emission spectroscopic sensor 54 may de-
termine a presence of neutral species and ions by meas-
uring a wavelength and intensity of light emitted from the
material etching chamber 32. That is, because a spec-
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trum of light emitted from plasma provides information
about chemical and physical processes occurring in the
plasma, the emission spectroscopic sensor 54 may
measure wavelength changes inside the material etching
chamber 32, and when a relative intensity of a predeter-
mined wavelength band increases, a plasma-etch proc-
ess of the metal material may terminate.
[0071] A heater 55 for heating the inside of the material
etching chamber 32 may be installed around an inner
wall of the housing 30 forming the material etching cham-
ber 32.
[0072] When a metal material in the pretreatment cas-
ing 40 moved to the inside of the material etching cham-
ber 32 is supplied to the melting furnace 1 at a temper-
ature that is lower than that of the melting furnace 1, a
temperature gradient of a molten metal may become sig-
nificant and a drift may occur, which makes it difficult to
secure the quality of the molten metal according to use
purposes of the molten metal. The heater 55 may be a
device for preheating the metal material to prevent the
problem.
[0073] That is, when the temperature of the metal ma-
terial is raised by a plasma process but sufficient preheat
temperature is not secured at which the metal material
can be introduced into the melting furnace 1, the heater
55 may heat the material etching chamber 32 so as to
preheat the metal material in the pretreatment casing 40
by an indirect heating method.
[0074] The heater 55 may use a voltage that is higher
than a plasma discharge voltage. An insulator 56 and a
cooling jacket (not shown) may be provided on the hous-
ing 30 outside the heater 55 to prevent surrounding struc-
tures (operating systems, valves, etc.) from being dam-
aged due to heat of the heater 55.
[0075] The introduction of the metal material supplied
through the inlet port 38 into the pretreatment casing 40
and the discharge of the metal material from the pretreat-
ment casing 40 toward the outlet port 39 may be per-
formed through the entrance 48 formed in the pretreat-
ment casing 40.
[0076] FIG. 5 shows a state in which an entrance of a
pretreatment casing is closed, according to an embodi-
ment of the present disclosure, FIG. 6 shows a state in
which an entrance of a pretreatment casing is opened,
according to an embodiment of the present disclosure,
and FIG.7 shows an inside of a pretreatment casing ac-
cording to an embodiment of the present disclosure.
[0077] Referring to FIGS. 5 to 7, the entrance 48 having
a predetermined width and cut in a longitudinal direction
may be formed at a predetermined position along the
circumferential direction of the pretreatment casing 40.
The entrance 48 may be selectively opened and closed
by a cover 60 configured to rotate along the outer cir-
cumference of the pretreatment casing 40.
[0078] The cover 60 may be formed with a size corre-
sponding to the entrance 48, and may include a cover
panel 61 for selectively opening and closing the entrance
48, and a support panel 62 that is bent in a vertical di-

rection at both ends of the cover panel 61 and rotatably
coupled to a central shaft of the pretreatment casing 40.
[0079] The support panel 62 may be pressed and sup-
ported in a direction in which the cover panel 61 closes
the entrance 48 by a compressive force of an elastic rod
63 coupled to a side wall of the pretreatment casing 40.
[0080] The elastic rod 63 may be supported by a spring
disposed in the inside of a rod housing 64 to move back
and forth into and out of the rod housing 64, and may
press the support panel 62 in the direction in which the
cover 60 closes the entrance 48 by a compressive force
of the spring.
[0081] The support panel 62 pressed by the elastic rod
63 may move to a position at which the cover panel 61
is caught by a stopper 65 protruding from the side wall
of the pretreatment casing 40 to close the entrance 48.
[0082] When the entrance 40 is opened, a clamp 70
provided at a position adjacent to the inlet port 38 may
press an upper surface of the cover panel 61, and the
pretreatment casing 40 may rotate by a predetermined
angle so that the cover panel 61 opens the entrance 48.
[0083] The clamp 70 may include an upper clamp for
opening the entrance 48 at a position of the inlet port 38,
and a lower clamp for opening the entrance 48 at a po-
sition of the outlet port 39.
[0084] The clamp 70 may include a rod portion 72 con-
nected to a cylinder 71 provided on the inner wall of the
housing 30 to move up and down, and a contact portion
73 provided to press and contact the cover panel 61 at
an end of the rod portion 72.
[0085] The contact portion 73 may be formed in the
shape of a long rod extending in both side directions at
one end of the rod portion 72, and when the pretreatment
casing 40 rotates, the contact portion 73 may press a
surface of the cover panel 61 to restrict a rotation of the
cover 60.
[0086] For a smoother operation when the rotation of
the cover 60 is restricted by the contact portion 73, an
interference protrusion 74 interfering with the contact por-
tion 73 may protrude from the surface of the cover panel
61.
[0087] Therefore, when a metal material is introduced
from the inlet port 38 provided in the housing 30, the
clamp 70 may restrict the cover 60 and then the pretreat-
ment casing 40 may rotate by a predetermined angle to
open the entrance 4, and when the clamp 70 releases
the cover 60, the entrance 48 may be closed by a com-
pressive force of the elastic rod 63.
[0088] Also, when the metal material contained in the
pretreatment casing 40 is discharged through the outlet
port 39, the clamp 70 positioned adjacent to the outlet
port 39 may perform the same operation to open and
close the entrance 48.
[0089] Meanwhile, a lift 80 for stirring the metal material
when the pretreatment casing 40 rotates as shown in FIG
7 may be provided in the pretreatment casing 40.
[0090] The lift 80 may extend by a predetermined
length from the inner wall of the pretreatment casing 40
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toward the center of the pretreatment casing 40 so as to
raise the metal material inside the pretreatment casing
40 to a predetermined position and then drop the metal
material when the pretreatment casing 40 rotates.
[0091] In addition, an inclined guide surface 81 may
be provided at a position adjacent to the entrance 48 of
the pretreatment casing 40 to improve the flowability of
the metal material so that no residue remains when the
metal material is discharged.
[0092] Therefore, a metal material inclined to one side
(left side in the drawing) of the pretreatment casing 40
by a rotation of the pretreatment casing 40 may slide
along the inclined guide surface 81 and thus be dis-
charged smoothly through the entrance 48.
[0093] Referring again to FIGS. 1 and 2, a lower screen
90 and a lower vacuum valve 91 may be connected to a
lower portion of the outlet port 39 of the housing 30. The
lower screen 90 may sort the metal material supplied to
the melting furnace 1 according to predetermined sizes.
The lower vacuum valve 91 may selectively open and
close a passage connected to the melting furnace 1 to
block outside air.
[0094] A buffer hopper 92 may be connected to a lower
portion of the lower vacuum valve 91.
[0095] The buffer hopper 92 may temporarily store a
metal material from which an oxide layer has been re-
moved, in a vacuum state, and continuously supply the
metal material to the melting furnace 1 through an inlet
93 connected to a lower portion thereof.
[0096] Hereinafter, an operation of the material feeding
apparatus according to an embodiment of the present
disclosure will be described.
[0097] In order to continuously feed a metal material
to the melting furnace 1, a metal material stored at at-
mospheric pressure in the storage hopper 20 may be
transferred to the weighing hopper 22 to measure an unit
feed amount, and then supplied to the inlet port 38 of the
housing 30 when the upper screen 23 and the upper vac-
uum valve 24 are opened.
[0098] At this time, the pretreatment casing 40 may be
located in the material dropping chamber 31, and the
cover 60 may open the entrance 48. That is, the pretreat-
ment casing 40 may rotate by a predetermined angle by
the driving motor 42 in a state in which the upper clamp
70 presses and supports the cover 60, so that the en-
trance 48 of the pretreatment casing 40 is opened.
[0099] Further, the insides of the chambers 31 and 32
may be at atmospheric pressure, and pressure may be
adjusted through the exhaust valve 37b based on infor-
mation sensed by the pressure sensor 37a.
[0100] When a metal material introduced through the
inlet port 38 is completely supplied into the pretreatment
casing 40, the upper screen 23 and the upper vacuum
valve 24 may be closed.
[0101] Also, the cover 60 may close the entrance 48,
and the pretreatment casing 40 may move to the material
etching chamber 32 by driving of the actuator 44. At the
same time, the insides of the chambers 31 and 32 may

reach predetermined vacuum pressure by the vacuum
generator 34, and a reaction gas may be injected into
the insides of the chambers 31 and 32 by the gas feeder
35.
[0102] Thereafter, the power supply apparatus 50 may
apply power so that plasma may be generated in the
inside of the material etching chamber 32 to remove a
surface oxide layer of the metal material.
[0103] In a plasma-etch process of the metal material,
the pretreatment casing 40 may rotate by the driving mo-
tor 42 so that the metal material filled in the pretreatment
casing 40 is uniformly stirred to be exposed to plasma.
[0104] A time at which plasma-etching and reduction
treatment of the metal material terminates may be when
a relative intensity of a predetermined wavelength band
increases based on information sensed by the emission
spectroscopic sensor 54.
[0105] Meanwhile, when the metal material to be fed
to the melting furnace 1 by the plasma process does not
sufficiently secure preheat temperature, the material
etching chamber 32 may be heated by the heater 55 to
preheat the metal material to appropriate temperature at
which the metal material can be introduced into the melt-
ing furnace 1.
[0106] As a result, a problem that a temperature gra-
dient of the molten metal becomes significant and a drift
occurs when a metal material of relatively low tempera-
ture is supplied to the high-temperature melting furnace
1, which makes it difficult to secure the quality of the
molten metal, may be solved.
[0107] When it is determined that the surface oxide
layer of the metal material is completely removed in the
material etching chamber 32, the actuator 44 may be
driven to move the pretreatment casing 40 to the material
dropping chamber 31.
[0108] A vacuum suction gas or an inert gas may be
injected to the insides of the chambers 31 and 32 through
the vacuum generator 34 or the gas feeder 35 so as to
form the same atmosphere as the inside of the melting
furnace 1. This may be to feed the metal material while
maintaining the atmosphere of the melting furnace 1 so
as to prevent additional oxidation when feeding the metal
material into the vacuum or inert gas atmosphere of the
melting furnace 1.
[0109] When the insides of the chambers 31 and 32
become the same condition as the inside of the melting
furnace 1, the lower screen 90 and the lower vacuum
valve 91 connected to the outlet port 39 may be sequen-
tially opened, and the entrance 48 of the pretreatment
casing 40 may be opened to feed the metal material to
the melting furnace 1 or the buffer hopper 92.
[0110] When the feeding of the metal material is com-
pleted, the above-described process of closing the lower
screen 90 and the lower vacuum valve 91, exhausting
the gas remaining in the insides of the chambers 31 and
32 through the exhaust pipe 37, and then again receiving
a metal material may be repeated.
[0111] Although a few embodiments of the present dis-
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closure have been shown and described, it would be ap-
preciated by those skilled in the art that changes may be
made in these embodiments without departing from the
principles and spirit of the disclosure, the scope of which
is defined in the claims and their equivalents.

Claims

1. An apparatus for removing a surface oxide of a metal
material and feeding the metal material to a melting
furnace, comprising:

a housing including a material dropping cham-
ber for feeding and discharging the metal mate-
rial and a material etching chamber for perform-
ing a plasma etching process; and
a pretreatment casing configured to reciprocate
between the material dropping chamber and the
material etching chamber in the housing,
wherein the pretreatment casing receives the
metal material from the material dropping cham-
ber to store the metal material, moves to the
material etching chamber to plasma-etch a sur-
face oxide layer of the stored metal material, and
then returns to the material dropping chamber
to drop the etched metal material into the melting
furnace.

2. The apparatus according to claim 1,
wherein the pretreatment casing is rotatably in-
stalled, and when the pretreatment casing is located
in the material etching chamber to perform the plas-
ma-etch process, the pretreatment casing rotates to
stir the metal material.

3. The apparatus according to claim 1,
wherein a plurality of holes are formed in an outer
surface of the pretreatment casing to allow plasma
to enter and exit an inside of the pretreatment casing.

4. The apparatus according to claim 1,
wherein an entrance for feeding and discharging the
metal material and a cover for selectively opening
and closing the entrance are provided in an outer
surface of the pretreatment casing,
the cover is rotatably installed along an outer circum-
ference of the pretreatment casing, held at a position
to close the entrance by a compressive force of an
elastic rod coupled to the pretreatment casing, and
held at a position to open the entrance by a com-
pressive force of a clamp installed to selectively con-
tact the cover.

5. The apparatus according to claim 1,
wherein the housing includes a heater for heating
the material etching chamber to preheat the metal
material filled in the pretreatment casing.

6. The apparatus according to claim 4,
wherein an inclined guide surface is provided in the
pretreatment casing adjacent to the entrance to
guide the metal material inclined to one side in the
pretreatment casing to be discharged smoothly
through the entrance.

7. The apparatus according to claim 1,
wherein an inlet port connected to a material supply
unit for feeding the metal material is provided in an
upper portion of the material dropping chamber, and
an outlet port connected to the melting furnace is
provided in a lower portion of the material dropping
chamber.

8. The apparatus according to claim 7,
wherein the material supply unit comprises a storage
hopper for storing the metal material and a weighing
hopper for receiving the metal material from the stor-
age hopper and weighing the metal material to feed
the metal material to the inlet port,
a buffer hopper for temporarily storing the etched
metal material discharged from the outlet port in a
vacuum state and providing the etched metal mate-
rial to the melting furnace is provided between the
material dropping chamber and the melting furnace.

9.  The apparatus according to claim 1,
wherein the pretreatment casing is connected to a
support shaft penetrating one side of the housing
and extending, and the support shaft is axially con-
nected to a driving motor to receive a rotation force
from the driving motor to rotate and reciprocate in
association with an actuator provided outside the
housing.

10. The apparatus according to claim 1,
wherein one side of the housing is connected to a
vacuum generator for forming a vacuum atmosphere
in the material etching chamber and a gas feeder for
feeding a reactive gas to the material etching cham-
ber, when the pretreatment casing is located in the
material etching chamber.

11. A method for feeding a metal material to a melting
furnace, comprising:

providing the metal material stored in a storage
hopper to a weighing hopper;
introducing the metal material weighed in the
weighing hopper into a pretreatment casing dis-
posed in a chamber of a housing;
forming a vacuum in the chamber and injecting
a reactive gas into the chamber to perform a
plasma etching process to remove a surface ox-
ide of the metal material; and
feeding the metal material from which the sur-
face oxide has been removed in the pretreat-
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ment casing to the melting furnace.

12. The method according to claim 11 further comprising
rotating the pretreatment casing during the plasma
etching process.

13. The method according to claim 11,
wherein the performing of the plasma etching proc-
ess further comprises heating the material etching
chamber to perform preheating of the metal material
stored in the pretreatment casing.

14.  The method according to claim 11,
wherein the feeding of the metal material from which
the surface oxide has been removed to the melting
furnace is performed in the same atmosphere as the
melting furnace.

15. The method according to claim 11,
wherein the pretreatment casing moves between a
material dropping chamber and a material etching
chamber partitioned from each other in the chamber
to perform processes of feeding and discharging the
metal material and etching the metal material.
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